INTEGRAL allowed the discovery of several new SuperGiant X-ray Binaries of which very few were known before its launch. Among them, INTEGRAL has unveiled a new sub-class: galactic X-ray sources with a supergiant companion and displaying a transient behaviour, namely Supergiant Fast X-ray Transient. Most of the time in quiescence with a luminosity of 10 33 erg s −1 (if not totally absent), these sources display rare episodes of short (few ks) and bright (up to ∼ 10 36 erg s −1 as in other SGXB) flares. Several scenarii have been proposed to explain the atypical temporal behaviour of the SFXT among the SGXB: a different separation/geometry of their orbits, accretion of dense structures/clumps formed in the stellar wind that would produce these huge flares, magnetic centrifugal barrier and variation of the local stellar wind density and/or sources hosting a magnetar. We present a systematic study, based on ISGRI observations from 2 ks-bin lightcurves to deep mosaics, of the observational properties (flares, duration, fluxes, etc.) of two SFXT candidates in order to bring constraints, to be able to distinguish between these different models of emission. Finally, this study will allow to better understand the overall characteristics of different classes of high-mass X-ray binaries.
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Introduction
Among the high-mass X-ray binaries (HMXBs), supergiant X-ray binaries (SGXBs) were divided in two classes depending on the accretion mechanism: 1) the Roche lobe overflow SGXBs with high luminosities of ∼ 10 38 erg s −1 , and 2) the wind-fed accreting SGXBs. These SGXBs are characterised by an OB supergiant companion, direct accretion onto the compact object from the strong stellar wind of the companion, a persistent luminosity of ∼ 10 36 erg s −1 , a high variability, and a circular orbital period of ∼ 3 − 15 days. In most cases, the compact object is a neutron star with a strong magnetic field of B ∼ 10 12−14 G that modulates the X-ray emission (reviews of [1, 2] and references therein).
Since its launch, INTEGRAL allowed the discovery of several new SGXBs (e.g. [3, 4] ) with some of them showing an uncommon property: they were transient systems [5, 6] . They displayed rare and huge flares with peak luminosities of ∼ 10 36 erg s −1 . These flares showed sharp rises and decays of a few hundred seconds. Otherwise, they spent most of the time in a quiescent state with a luminosity of 10 32−33 erg s −1 , implying intensity dynamical range as large as 10 3−4 . Because of this behaviour, these likely-new sub-class of SGXBs were named supergiant fast X-ray transients (SFXTs, [7] ).
Several mechanisms triggering such behaviour have been proposed. [5, 8, 9] proposed that the compact object accretes from massive clumps formed in the stellar wind of the supergiant producing short and bright X-ray flares. Claiming that the Bondi-Hoyle accretion cannot reproduce the X-ray variability of IGR J11215−5952, [10] proposed an alternative model where the supergiant star would possess an anisotropic and denser equatorial wind in which the compact object accretes at each periastron passage similarly to the Be/X-ray binaries. [11] also predict that the sharp intensity transition observed during flares in SFXT are modulated by small variations of the stellar wind properties and the presence of a very strong magnetic field. Crossing the magnetic and/or centrifugal barriers would explain the fast transitions if the system hosts a slowly rotating pulsar with a magnetar-like field. Some clumpiness is also expected in this scenario.
We studied a sample of SFXT candidates in order to derive general observational properties. Herafter, we present our results on two sources: SAX J1818.6−1703 and AX J1845.0−0433. We describe the observations and data analysis in Sect. 2. We show the results and discuss them in Sect. 3. We conclude in Sect. 4.
Observations and data analysis
Our goal is to take advantage of the wide field of view (29 • × 29 • ) of the hard X-ray and soft gamma-ray coded-mask spectro-imager ISGRI [12] on-board the INTEGRAL spacecraft [13] and of the long coverage of Galactic plane by the mission in order to study the SGXBs and SFXTs, and find the observational properties of these sources.
For this purpose, we make use of the ISGRI archive considering all the public data up to revolution 500 that means the analysis of ∼ 20 000 pointings. Individual sky images for each pointing were created in the 22-50 keV energy range. We also built deep-exposure sky mosaics with exposures ∼ 10 2−3 ks. As we treated each source separately at this step, the deep mosaics for each source were built disregarding all the pointings with a detection of the source. The count rate of each
PoS(Integral08)085
Observational properties of SFXT J.A. Zurita Heras source was extracted in each image (pointings and mosaics) with the OSA tool mosaic_spec (version 1.7) where the position was fixed to the most accurate X-ray position and the point-spread function width was fixed to 6 . All detections of each source were considered above the 5σ significance level. Detections and 5σ upper limit were gathered to create long-term light curve of each source. Moreover, a pointed observation with XMM-Newton was conducted on AX J1845.0−0433 on April 3, 2006, for a total exposure of 19 ks and using the spectro-imager EPIC as main instrument. Event lists for each camera were built following standard procedures. Astrometry, timing and spectral analysis were performed on the data.
The 22-50 keV count rate can be converted with the relation 1 Crab = 177.5 counts s −1 = 9.2 × 10 −9 erg cm −2 s −1 . The IJD time unit corresponds to MJD = IJD + 51544.
Results
The definition of the SFXT sub-class principally comes from the behaviour of the sources as observed by ISGRI. Discovered by INTEGRAL and identified as HMXB with a supergiant companion through multi-wavelength observations in X-rays, optical and infrared, these sources are rarely detected with ISGRI except during short and bright flares. Their quiescent emission reaching levels as low as 10 32−33 erg s −1 [14, 15] , one needs observatories such as XMM-Newton or Swift to observe such low emission. We show 2 ISGRI light curves of one SGXB and one SFXT in Fig. 1 to illustrate the different temporal behaviour between both sub-classes.
SAX J1818.6−1703
The X-ray transient SAX J1818.6−1703 was discovered on March 11, 1998, during a bright flare observed with BeppoSAX [16] . INTEGRAL regularly observed the source field leading to several serendipitous detections of similar short (a few hours) and bright flares [17 -21] . [5] reported its possible association with other fast X-ray transients like XTE J1739−302 and IGR J17544−2619, archetype of SFXTs. A particularly bright hard X-ray flare showed a complex structure with a short 10-20 min precursor peak and a main 1.5-2 h long peak with different intensities [18] . The hard X-ray spectrum was also variable and became harder during the long flares [18] . With INTE-GRAL/ISGRI and before March 2007, [8] listed 11 flares with duration of 2-6 ks and reported a quiescent level implying an intensity dynamic range of 250 between the highest flare and the quiescence. Using softer X-ray mission (Swift and Chandra), [22] and [23] reported a quiescent low level of ∼ (4 − 8) × 10 −12 erg cm −2 s −1 , and an unabsorbed 0.5-10 keV flux 3σ upper limit of 1.1 × 10 −13 erg cm −2 s −1 with XMM-Newton implying an intensity dynamic range of 10 3−4 as large as in other SFXTs. Searching for a reddened early-type star in optical and infrared catalogues, [24] proposed the source 2MASS J18183790−1702479 as the likely counterpart that was confirmed by Chandra [22] . The companion spectral type was constrained to a O9-B1 supergiant star [25] .
The ISGRI 22-50 keV long-term light curve of SAX J1818.6−1703 is shown in Fig. 2 . Detected in 32 individual pointings, the count rate was mostly between (4.1 − 19.1) ± 0.8 cts s −1 . On Sept. 9, 2003, there were 2 particularly very bright flares that reached 44.8 ± 0.8 and 39.1 ± 1.0 cts s −1 separated by 2 h (see [18] ). Disregarding all these pointings, we built mosaics for each revolution where the source was only detected in 6 out of 191 revolutions with count rates between
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Observational properties of SFXT J.A. Zurita Heras (0.9 ± 0.1) − (1.7 ± 0.3) cts s −1 (triangles and boxes in Fig. 2 ). We searched for other detections accumulating consecutive revolutions in very-long exposure mosaics. However, no other detection was observed with an average 5σ upper limit of 0.3 cts s −1 (large 5σ upper limits in Fig. 2 ). The source was detected in 8 different epochs for a few days at most. A separation of ∼ 30 days is observed between detections 1-2 and 3-4, and of ∼ 60 d between 6-7.
The Fourier analysis (Lomb-Scargle periodogram, fast method of [26] ) revealed a period of 30.0 ± 0.2 d. The folded light curve shown in Fig. 2 showed that all the detections were comprised between phases 0.0-0.2, so an elapsed time of 6 days. Of 31 revolutions falling in this phase interval, there was at least one detection of the source in 12 of them. The combination of the other 19 revolutions in one deep mosaic revealed the source with its lowest hard X-ray intensity of 0.47 ± 0.06 cts s −1 . Combining revolutions per step of 0.2 phase between 0.2-1.0 (4 mosaics with exposure 1.5-2 Ms each), the source was not detected with a 5σ upper limit of ∼ 0.2 cts s −1 . The detections from the softer X-ray missions [22, 23] also occurred within the phase interval 0.0-0.2. On the other hand, the XMM-Newton upper limit [23] occurred at the apastron passage at phase 0.58. Finally, a modulation of activity at a consistent period is found (D.M. Smith, private communication) in the RXTE Galactic bulge scan data [27] .
As SAX J1818.6−1703 is a confirmed SGXB, one can interpret that the compact object follows an eccentric orbit around the supergiant star with a 30 d orbital period, and with a short accretion episode of 6 d occurring at each periastron passage. Only during the accretion phase do the source behave as the other classical SGXBs with a persistent emission and an important variability of factor 10-50. Only for very few flares did the source vary by a factor > 100 as observed in SFXTs.
AX J1845.0−0433
AX J1845.0−0433 was discovered as a transient and highly-variable X-ray source with ASCA [28] . Because of its absorbed and flat X-ray spectrum during the flare, the source was assimilated to accreting pulsars, even if no coherent pulsation was observed for periods between 125 ms and 4096 s [28] . [29] pinpointed the optical counterpart as being a O9.5I supergiant star located ∼ 3.6 kpc away. Being a transient SGXB, [7] considered it an SFXT candidate. New flaring activity with INTEGRAL [30, 31] and Swift [32] was reported. The flare duration was typically of a few tens of minutes with sharp-rising/decaying times of a few minutes and the X-ray spectra was represented with similar absorbed flat power laws confirming the SFXT classification [32] .
The 22-50 keV long-term variability of AX J1845.0−0433, built with the same procedure as for SAX J1818.6−1703, is shown in Fig. 3 ). The source was only detected in 8 pointings out of 2597 with count rates within 3-6 cts s −1 and randomly distributed along the 3.5 yr observations. From the deep mosaics per revolution (exposure ∼ 100 ks), there were only two detections with 0.6 ± 0.1 cts s −1 , coincident in time with flares and implying intensity dynamic range of factor 5-10. Cumulating data over several consecutive revolutions (mosaic exposures of ∼ 1 Ms) revealed two other detections with 0.20 ± 0.04 cts s −1 and 0.33 ± 0.06 cts s −1 , respectively. Otherwise, cumulating all the data without detections, the source was detected with 0.16 ± 0.02 cts s −1 , implying a maximum intensity dynamic range of 40 between the brightest flare and the quiescent level. The bright flare frequency can be estimated as one every 4-5 days.
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Observational properties of SFXT J.A. Zurita Heras The EPIC/pn 0.4-10 keV light curve shows two different states of the source in Fig. 3 . Two short and complex flares of durations 1 ks and 3 ks, respectively, happened during the first 5 ks observation. In both flare, the intensity sharply rose and decayed between ∼ 2 − 12 cts s −1 on time scales of few hundred seconds with also short peaks reaching ∼ 15 cts s −1 (maximum 16.2 ± 0.6 cts s −1 ). Moreover, abrupt and short ( 300 s) decays of the intensity down to ∼ 4 cts s −1 happened within the flares but without reaching the quiescent level. The flare durations are comparable to those observed by INTEGRAL. Then, the source reached its average quiescent level of 1.2 ± 0.2 cts s −1 , showing continuous variability of a factor 2-3 with several peaks > 2 cts s −1 . The variability factor between the lowest and highest 0.4-10 keV count rate was 45. No coherent pulsation in the range 0.1-5000 s was observed, neither during the flare nor during the quiescence phase.
Accretion onto transient SGXBs: the cases of SAX J1818.6−1703 and AX J1845.0−0433
Assuming a smooth wind 1 , the Bondi-Hoyle accretion 2 (see Fig. 2 for the case B0.5I), and an elliptical orbit 3 , one can extrapolate about the geometry of SAX J1818.6−1703 and pinpoint the likely spectral-type of the companion. Considering typical stellar fundamental parameters of O9I-B1I stars [34, 35] , the expected accretion rates are similar with a variation factor less than 3 1 approximated as v wind (r) = v ∞ (1 − R * /r) β where v ∞ is the terminal velocity, R * the stellar radius, and β = 1. 2 luminosity approximated to L X = εṀ accr c 2 with the accretion efficiency ε ∼ 0.2 , the accretion rateṀ accr = (R 2 accr /4a 2 )Ṁ wind , the stellar mass-loss rateṀ wind from eq. 12 of [33] , the accretion radius R accr = 2GM X /(v 2 wind + v 2 X ), and v X is the compact object velocity. 3 semi-major axis a of the system determined with a 3 /P 2 = G(M * + M X )/4π 2 with the period P, the stellar mass M * , and the mass of the compact object fixed to M X = 1.4 M .
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Observational properties of SFXT J.A. Zurita Heras between spectral types. The key parameter is the distance between the star and the compact object where the accretion rate can vary by a factor up to ∼ 10 between r = 2 − 3 R * . Considering the flux from the X-ray missions [22, 23] , an accretion zone of size r ≤ 3 R * is consistent with the observations if the system is located < 8 kpc. However, the size of the accretion zone may vary up to 1 R * as the stellar mass-loss rate can change by a factor of 2-3 in supergiants with identical spectral type [35] .
An elliptical orbit of P = 30.0±0.2 d and an elapsed time of accretion t accr = 6 d must constrain the eccentricity e of the binary system depending on the stellar parameters such as the mass and the radius of the companion star. For O9I, O9.5I and B0Ia, the maximum elapsed accretion times allowed by the stellar parameters are always shorter than the t accr derived above for any eccentricity. For a B0.5Ia star, the conditions are fulfilled with e = 0.41 or e = 0.58 that imply a perihelionaphelion of 2.3-5.5 R * or 1.6-6.2 R * , respectively (see Fig. 4 ). For a B1Ia star, the conditions are fulfilled with e = 0.25 (i.e. r ∈ 2.7 − 4.5 R * ) or e = 0.73 (i.e. r ∈ 1.0 − 6.2 R * ). Disregarding the short and bright flares, the hard X-ray flux varies between ∼ (2 − 8) × 10 −11 erg cm −2 s −1 along the whole t accr . Therefore, the compact object-companion star distance r should not vary by a high factor when crossing the accretion zone, thus favouring low eccentricities (see Fig. 4) . Therefore, the case of a B0.5-1Ia companion star with a low eccentricity (e = 0.41 or 0.25, respectively) are the best solutions to reconcile the wind model and observations. This determination is accurate to
Observational properties of SFXT J.A. Zurita Heras 0.5 spectral type since a wider accretion zone of 4 R * would also give a solution for a B0I star with e = 0.16. Since these luminosities are too high to be explained by the X-ray luminosity of 10 30−33 erg s −1 detected in single OB stars [36] , the source must be permanently accreting matter as the high-energy emission is persistent. With such persistent quiescent X-ray luminosity of 2 × 10 35 erg s −1 in AX J1845.0−0433, one needs a binary separation of a 5 × 10 12 cm ∼ 3 R * , that is higher than in classical SGXBs (a ≈ 2 R * ) when assuming the smooth wind model, the Bondi-Hoyle accretion, and a circular orbit (models shown in Fig. 5 ).
Massive clumps
For both sources, several high-energy missions observed short and bright flares implying intensity dynamic range ∼ 50 times higher than the average level during the accretion phase. [5, 8, 9] showed that such huge flares in transient SGXBs resulted from the accretion of massive clumps formed within the stellar wind. Indeed, instabilities of the radiation line-driven outflows of hot stars generate structures within the stellar wind affecting parameters such as the wind velocity, the outflow density, or the mass-loss rate [37] . Recently, [38] have shown that optically-thick macro-clumps must form within the wind of hot supergiant stars as it affects the strength of some
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Observational properties of SFXT J.A. Zurita Heras X-ray/UV lines emission of a supergiant star. Determining average parameters of luminosity, frequency, and duration of flares in SFXTs from INTEGRAL observations, [8] derived clump parameters that agreed with this macro-clump scenario developed by [38] , and predicted that accretion in SGXBs should follow a two-regime behaviour depending on whether the distance between the compact object and the supergiant companion was bigger or smaller than ∼ 2 − 3 R * (see also [9] ). [9] showed that the number of clumps that a compact object could statistically accrete within one orbit around a O8-B0I star varies between 1-8 with an orbital radius a = 3 − 6 R * . These values agree with the flare frequency observed in SAX J1818.6−1703 and AX J1845.0−0433. In the case of SAX J1818.6−1703, it can also explain the observation of flares slightly outside the accretion phase as the flare observed by BeppoSAX.
Conclusion
Timing analysis with INTEGRAL revealed an orbital period of 30.0 ± 0.2 d and an elapsed accretion phase of ∼ 6 d in the transient SGXB SAX J1818.6−1703. That implies an elliptical orbit and constrains the possible supergiant spectral type between B0-0.5I with eccentricities e ∼ 0.3 − 0.6 (for average fundamental parameters of supergiant stars). During the accretion phase, the behaviour of the source is in agreement with other SGXB. The huge variations of the observed X-ray intensity can be explained through the accretion of macro-clumps formed within the stellar wind.
AX J1845.0−0433 is a persistent X-ray binary with a O9.5I supergiant companion emitting at a rather low 0.2-100 keV luminosity of ∼ 10 35 erg s −1 with seldom flares reaching luminosities of ∼ 10 36 erg s −1 . Variability factors as high as 50 are observed on very short-time scale (few ks). The flare characteristics (number, luminosity, duration, increase/decrease time) in contrast to the persistent quiescent emission suggest that clumps are formed within the stellar wind of the supergiant companion. SAX J1818.6−1703 and AX J1845.0−0433 reinforce the model that predicts that SFXT are SGXB moving in orbits differing from previously known SGXB systems (either a higher circular orbital radius or an eccentric orbit). For SAX J1818.6−1703, further observations either in Xrays or optical/infrared wavelengths are needed in order to confirm our estimation and to constrain the parameters of the system. That will help to elucidate what are the mechanisms triggering the transient behaviour.
